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Styrene-based resin compsn. for lighting e.g. lamp reflectors - comprises highly 
syndiotactic structure styrene based polymer, inorganic filler treated with coupler, and 

resin having polar Gp.. 
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compsn. is composed of (A) 100 pts. weight of a styrene-based polymer having a highly syndiotactic structure, (b) 20-250 
pts.weight inorganic filler having its surface treated with a coupling agent and having a major axis of 5-100 micron and a 
minor axis of 0.1-4 micron and (C) 0.1-30 pts.weight of a resin having a polar gp. capable of reacting with the coupling agent 
and being compatible with (A) component. 

Reflective mirror consists of a base material obtd. by injection moulding the above compsn. Inorganic filler is e.g. K 
titanate or Ca carbonate. 

USE/ ADVANTAGE - Styrene based resin compsn. gives improved surface smoothness while retaining improved heat 
resistance and mechanical properties pertaining to syndiotactic styrene polymers, and also shows good mould-releasing 
property that is a key to accelerating the crystallisation. For use as a material for lighting appts. e.g. lamp reflectors. 
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(57) [Abstract] 
[Objective] 

Syndiotactic styrene resin composition possessing original 
outstanding heat resistance or high mechanical strength, at the 
same time excels in surface smoothness and development of 
reflective mirror of the lighting fixture. 

[Constitution] 

Styrene resin composition is comprised of styrene polymer 
and compatible styrene resin or polyphenylene ether, where 
syndiotactic styrene polymer, inorganic filler surface treated 
with coupling agent, and coupling agent are made to react. It 
is also used to manufacture reflective mirror of lighting 
fixture. 



[Claim(s)] 
[Claim 1] 

Styrene resin composition is characterized by comprising (A) 
100 parts by weight highly syndiotactic styrene polymer, (B) 
20 to 250 parts by weight inorganic filler with major 
axis5~100p m, minor axisO. 1-4^ m, surface treated with 
coupling agent, and (C) coupling agent and reactive polar 
group, where component (A) and compatible resin is 0. 1 to 30 
parts by weight. 



[Claim 2] 



Styrene resin composition mentioned in claim 1, wherein 
inorganic filler is atleast one kind of substance selected from 
potassium titanate and calcium carbonate. 



mmm 1 *t» 2 ce«a>7.*u>*»iini 

Specification 

[0001] 

imm±i>mm#mi 



[Claim 3] 

Styrene resin composition mentioned in claim 1 or 2, wherein 
reflective mirror of lighting fixture are formed by carrying out 
injection molding of styrene resin composition. 



[Description of the Invention] 
[0001] 

[Field of Industrial Application] 
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[0003] 

js spsa © xf- » ? -fbt* -n. t * <d mm. * 

-*)l£Mn7s S0fflJfiJ*3^^7°^7sf- » 7 



The invention relates to styrene resin composition and 
reflective mirror of lighting fixture. Specifically, it relates to 
syndiotactic styrene resin composition possessing original 
outstanding heat resistance or high mechanical strength, at the 
same time excels in surface smoothness and used to form 
reflective mirror of the lighting fixture 

[0002] 
[Prior Art] 

Styrene resin is a versatile resin that is widely used in various 
fields. But, it shows inferior impact resistance. 



From the viewpoint of improving the impact resistance of 
styrene resin, rubber polymer was blended with polystyrene, 
or rubber polymer was partially grafted in styrene by 
polymerizing styrene in the presence of rubber polymer. The 
remaining part of styrene was considered as polystyrene, 
where rubber polymer/styrene grafted copolymer and 
polystyrene coexisted, and was called as rubber modified 
polystyrene resin composition. 



However, impact resistant styrene resin does not maintain a 
good balance of impact resistance, heat resistance, mechanical 
strength, and styrene resin with good balance of the 
characteristics is desirable. 



Generally, styrene resin is obtained by radical polymerization, 
possesses stereoregular atactic structure, and is amorphous. 



Therefore, it does not possess high impact resistance and 
mechanical strength, and there is a limit in improvement of 
these physical properties. 

[0003] 

Plasticization of the metal parts in an automobile industry 
field is increasing these days. The flexibility of demand of 
light weight or design continues with the substituted plastic 
material, the control of the total production cost brought about 
by curtailment of the checked part by complexity of the parts, 
and the improvement in production of the plastic parts itself, 
is developing. 
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The automotive lamp reflector are relatively large-sized parts, 
and are in high demand due to cost reduction, in addition to 
light weight or improvement in production. 

In the past, the plasticization of lamp reflectors was carried 
out by the compound having thermosetting resins as base, 
e.g., phenol resin or unsaturated polyester, etc.. 

But, the objective of light weight or cost reduction of lamp 
reflectors can be achieved by thermosetting resin, but the 
molding cycle becomes long, and dirt adheres to metallic 
mold very frequently, thus cleaning is very important. 

In addition, crack was very easy to occur in molded article, 
there were various problems from the viewpoint of 
productivity, e.g., removal process. These improvements were 
desired. 

In order to solve the problem of productivity, thermoplastic 
resin that can possibly be injection molded is used. Nylon 
resin or polyester rein, e.g., PBT (polybutylene terephthalate), 
PET (polyethylene terephthalate) is also used. 



However, high heat resistance is required from a lamp 
reflector being used near the strong light source. Moreover, in 
order to provide advanced surface smoothness during 
metallizing the surface by vacuum deposition method, high 
dimensional stability and mechanical strength is required 
under different environments, e.g., advanced surface 
smoothness or temperature, humidity, etc.. 



S6lC,PPS(*°'J7:i:~U>7JU7f r;ifflfla 

£5* tb$J£ U ^ >7 U 7 b 7 2 -ffg 
mZftTVZtfiftffiV 3-208201 *^«)» tb 

s/rs < mm ±Tisi z t <d 7? $> o t o 



Because of this, thermoplastic resin that cannot satisfy all the 
requisites is not discovered. 

Furthermore, a lamp reflector manufactured by the injection 
molding of the resin composition comprising polyarylene 
sulfide, such as PPS (polyphenylene sulfide) resin and 
specific inorganic filler and hollow filler was proposed (patent 
publication 03-208201), specific gravity was unsuitable for 
practical use. 



[0004] 



[0004] 

[Problems to be Solved by the Invention] 
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The inventor found that syndiotactic styrene resin 
composition possessing original outstanding heat resistance or 
high mechanical strength, at the same time excels in surface 
smoothness and used for manufacturing of reflective mirror of 
the lighting fixture. 



[0005] 

[Means to Solve the Problems] 

As a result, styrene resin composition excelling in mold 
release characteristics, surface smoothness, heat resistance, 
and mechanical strength was obtained by using highly 
syndiotactic styrene polymer and specific inorganic filler. 



##§SHCS"i^T^Ltt The invention was completed on the basis of information. 



*?-u>*M£fc ioob 

S 5-lOOjJ m,fi8 0.1~4|j m ®fttf|£ifi# 

2o~25o aagpfe * cf (ok* » r u > ^« t 

ftgttttiK 0.1-30 M*aMrSfc*7,*U>* 



In other words, styrene resin composition is characterized by 
comprising (A) 100 parts by weight highly syndiotactic 
styrene polymer, (B) 20 to 250 parts by weight inorganic fdler 
with major axis5~100|J m, minor axis0.1~4p m, surface 
treated with coupling agent, and (C) coupling agent and 
reactive polar group, where component (A) and compatible 
resin is 0. 1 to 30 parts by weight. 



In addition, it provides reflective mirror of lighting fixture 
formed by carrying out injection molding of resin 
composition. 



[00061 



[0006] 



*§&BS<Di&&^B, ±fiB(A), (B)ilS«fctf(C)j£ 

tb, nm<n : s > S JX$<7 

% 7s^ U > £fi£tt(SPS)tf ffl s ft * o 

#ft¥*jft tf± t u t v > v * ^ m 

( ,3 C-NMR &)£<MJ:£*<**l£. 

,3 c-nmr SC*vjaj:£* ft*S7x<i 

-f-B. mm? *«afl©***tt<D#fcffi 



£BMJ7* K,5 



The resin composition is comprised of the above mentioned 
component (A), (B), and (C). The component (A) is highly 
syndiotactic styrene polymer (SPS). 

The highly syndiotactic styrene polymer used in the invention 
has three-dimensional structure where phenyl group or 
substituted phenyl groups are placed on the opposite side 
alternately in the molecular chain formed by carbon-carbon 
bond. The tacticity can be determined by nuclear magnetic 
resonance method ( l3 C-NMRmethod) by isotopic carbon. 



Nuclear Magnetic Resonance method ( 13 C-NMR method) 
determines the existing ratio of constitutional block of 
successive units, such as diode in case of 2 units, triode when 
3 units and pentad for 5 units. It is desirable to use 
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polystyrene, poly(alkylstyrene), poly(ha!ogenated styrene), 
poly(alkoxystyrene), poly(benzoate ester styrene) and their 
mixture, or copolymers having syndiotacticity atleast 85% in 
case of diode, atleast 35% in case of pentad (racemic pentad), 
preferably atleast 50%, and most preferred atleast 90%. 



Furthermore, poly(alkylstyrene) are poly (methylstyrene), 
poly(ethylstyrene), poly(isopropyl styrene), poly(tertiary butyl 
styrene) etc.; poly(halogenated styrene) are 
poly(chlorostyrene), poly(bromostyrene), etc. 



In addition, poly(alkoxystyrene) are poly(methoxystyrene), 
poly(ethoxy styrene), etc. 

[0007] 

Moreover, there is no restriction regarding the molecular 
weight and molecular distribution of component (A) SPS, it is 
better to decide according to the usage. 

Furthermore, component (A) styrene polymer having melting 
point 260-270 C has outstanding heat resistance as compared 
to conventional atactic styrene polymer. 

[0008] 

On the other hand, inorganic filler surface treated with 
coupling agent has major axis 5-1 00p m, preferably 10 to 80 
[J m; minor axis 0.1 to 4|J m, preferably 0.3 to 2p m. 



The examples of inorganic filler are glass fiber, carbon fiber, 
synthetic organic fiber, whisker, ceramic fiber, metal fiber, 
natural plant fiber, etc. 

As synthetic organic fiber, fibre, such as aromatic polyamide 
fiber, polyimide fiber; whiskers of boron, alumina, silica, 
silicon carbide, etc. as whisker; fibre of gypsum, potassium 
titanate, calcium carbonate, calcium sulfate, magnesium 
sulfate, magnesium oxide; metallic fibre, e.g., copper, 
aluminium, steel, etc. Specifically, potassium titanate, 
calcium carbonate, calcium sulfate are preferred. 
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When major axis of inorganic filler is less than 5p m, 
improvement in heat resistance, mechanical strength of 
styrene resin composition is unsatisfactory. If major axis 
exceeds lOOp m, the surface smoothness decreases. 

On the other hand, when minor axis of inorganic filler is less 
than 0. 1 |J m, it is very difficult to use the common method of 
dispersion in the resin composition. The improvement results 
of heat resistance, mechanical strength of styrene resin 
composition are unsatisfactory. If minor axis exceeds 4p m, 
the surface smoothness decreases. 

[0009] 

The coupling agent used for the surface treatment of above 
mentioned inorganic filler is used to improve the reactivity of 
the inorganic filler and component (C). It can be selected 
from well known silane coupling agent, titanium coupling 
agent. 



The examples of silane coupling agent are triethoxysilane, 
vinyl tris(P -methoxy ethoxyjsilane, Y -methacryloxy propyl 
trimethoxysilane.Y -glycidoxy propyl trimethoxysilane.p 
-(1,1-epoxy cyclohexyl) ethyl trimethoxysilane, N-P 
-(aminoethyl) -y -aminopropyl trimethoxysilane, N-P 
-(aminoethyl)-Y -aminopropyl methyl dimethoxy silane.Y 
-aminopropyl triethoxysilane, N- phenyl-Y -aminopropyl 
trimethoxysilane.Y -mercapto propyl trimethoxysilane.Y 
-chloropropyl trimethoxysilane.Y -aminopropyl 
trimethoxysilane.Y -aminopropyl-tris 
(2-methoxy-ethoxy)silane, N- methyl-Y -aminopropyl 
trimethoxysilane, N- vinyl benzyl-y -aminopropyl 
triethoxysilane, triamino propyl trimethoxysilane, 3- 
ureidopropyl trimethoxysilane,3-(4,5-dihydro imidazole) 
propyl triethoxysilane, hexamethyl disilazane, N,0-(bis 
trimethylsilyl) amide, N,N- bis (trimethylsilyl) urea, etc. 



Amongst these, aminosilane, epoxy silane, e.g.,Y 
-aminopropyl trimethoxysilane, N-P - (aminoethyl )-y 
-aminopropyl trimethoxysilane, Y -glycidoxy propyl 
trimethoxysilane.p -(3,4-epoxy cyclohexyl )ethyl 
trimethoxysilane, etc., are preferred. 
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Specifically, the above mentioned aminosilane is ideal to use. 
[0010] 

In addition, the examples of titanate coupling agent are 
isopropyl triisostearoyl titanate, isopropyl tridodecyl benzene 
sulfonyl titanate, isopropyl tris(dioctyl 
pyrophosphate)titanate, tetra isopropyl bis(dioctyl 
phosphite)titanate, tetra octyl bis(di tridecyl 
phosphate)titanate, tetra (1,1-diallyl oxy 
methyl- l-butyl)bis(ditridecyl) phosphite titanate, bis(dioctyl 
pyrophosphate) oxyacetate titanate, bis(dioctyl 
pyrophosphate) ethylene titanate, isopropyl trioctanoyl 
titanate, isopropyl dimethacrylic isostearoyl titanate, 
isopropyl isostearoyl di acrylic titanate, isopropyl tri(dioctyl 
phosphate)titanate, isopropyl tricumyl phenyl titanate, 
isopropyl tri(N- amideethyl, aminoethyl)titanate, dicumyl 
phenyl oxyacetate titanate, diisostearoyl ethylene titanate, etc. 



Among these, isopropyl tri(N- amideethyl, aminoethyl) 
titanate is ideal. 



[0011] 

The surface treatment of above mentioned inorganic filler can 
be done using coupling agent by any common method. 

For example, sizing treatment where organic solvent or 
suspension of coupling agent is applied on the filler as sizing 
agent, or dry mixing using henschel mixer, supermixer, 
loedige mixer, V type blender, etc., spray method, integral 
blend method, dry concentrate method, etc. These can be 
selected on the basis of the shape of the filler. But sizing 
treatment, dry mixing, and spray method are preferred. 



In addition, there are no restrictions regarding surface 
treatment method. 
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[0015] 



There are no restrictions regarding film forming substance, 
e.g., polymers of polyester, urethane, epoxy, acrylic, vinyl 
acetate, isocyanate are mentioned. 

[0012] 

The component (B) inorganic filler surface treated with 
coupling agent is 20 to 250 parts by weight, preferably 40 to 
200 parts by weight with respect to 100 parts by weight of 
component (A). 

If amount is less tan 20 parts by weight, the results of filler 
are not demonstrated. If exceeds 250 parts by weight, the 
density becomes high and weight of the final molded article 
creates the problem. 

[0013] 

As above mentioned component (C) coupling agent and 
reactive polar group, acid halide, carbonyl group, acid 
anhydride, acid amide, carboxylate ester, acid azide, sulfone 
group, nitrile group, cyano group, isocyanate ester group, 
amino group, hydroxy group, imide group, thiol group, 
oxazoline group, epoxy group etc., are mentioned. 

Specifically, the preferred polar group is acid anhydride, and 
among acid anhydride, maleic anhydride group is preferred. 

The content of polar group is atleast 0.01% by weight with 
respect to polyphenylene ether. If less than 0.01% by weight, 
the mechanical strength is inadequate. 

In addition, component (C) is compatible with component 
(A). Various resins are mentioned as examples, but styrene 
resin or polyphenylene ether resin is preferred. 



[0014] 

The above-mentioned polyphenylene ether resin can be 
prepared by (1) the method of reacting the above mentioned 
polar group and unsaturated group together with 
polyphenylene ether, (2) method of polymerizing monomer or 
atleast two kinds of phenol compound having polar group, (3) 
method of polymerizing monomer or atleast two kinds of 
phenol compound having polar group with phenolic 
compound not having polar group. 

[0015] 
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Polyphenylene ether used in the invention is the well-known 
compound. It can be referred by US patent no. 3,306,874, 
3,306,875, 3,257,357 and 3,257,358. It is, generally, prepared 
by oxidative coupling reaction that forms homopolymer or 
copolymer in the presence of copper amine complex, and 
atleast one kind of phenol compound substituted at two or 
three places. 

Here, copper amine complex is derived from primary, 
secondary or tertiary amine. 

The suitable examples of polyphenylene ether are poly(2,3 
-dimethyl-6-ethyl-l,4- phenylene ether), poly(2 
-methyl-6-chloromethyl-l, 4-phenylene ether), 
poly(2-methyl-6-hydroxyethyl-l,4- phenylene ether), 
poly(2-methyl-6-n-butyl-l, 4- phenylene ether), 
poly(2-ethyl-6-isopropyl-l, 4- phenylene ether), 
poly(2-ethyl-6-n- propyl- 1, 4- phenylene ether), 
poly(2,3,6-trimethyl-l, 4- phenylene ether), poly {2 
-(4 ' -methylpheny 1)- 1 ,4-pheny lene ether } , 
poly(2-bromo-6-phenyl-l, 4- phenylene ether), 
poly(2-methyl-6-phenyl-l, 4- phenylene ether), 
poly(2-phenyl-l,4- phenylene ether), 
poly(2-chloro-l, 4-phenylene ether), poly(2 -methyl- 1,4- 
phenylene ether), poly(2-chloro-6-ethyl-l,4- phenylene ether), 
poly(2-chloro-6-bromo-l, 4-phenylene ether), poly(2,6-di-n- 
propyl-1, 4- phenylene ether), poly(2-methyl-6-isopropyl-l, 
4- phenylene ether), poly(2-chloro-6-methyl-l, 4- phenylene 
ether), poly(2-methyl-6-ethyl-l,4- phenylene ether), 
poly(2,6-dibromo- 1 ,4-phenylene ether), 
poly(2,6-dichloro-l, 4-phenylene ether); poly(2,6-diethyl-l,4- 
phenylene ether), and poly(2,6-dimethyl-l, 4-phenylene ether) 
etc. 



[0016] 

Furthermore, phenol compound used to prepare the above 
mentioned homopolymer may be derived from copolymer, or 
graft copolymer and block copolymer of vinyl aromatic 
compound, e.g., styrene, and polyphenylene ether. 



Among these, poly(2,6-dimethyl-l, 4-phenylene ether) is preferred. 
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In addition, the compound possessing polar group and 
unsaturated group, such as carbon-carbon double bond or 
carbon-carbon triple bond. As polar group, carboxyl group, 
group derived from carboxyl group, e.g., various salt and 
ester, acid amide, acid anhydride, imide, acid azide, acid 
halide or oxazoline, nitrile, epoxy group, amino group, 
hydroxy group, isocyanate ester group, where hydrogen atom 
or hydroxy group of carboxyl group is substitured. 



The compound possessing unsaturated group and polar group 
are unsaturated carboxylic acid, unsaturated carboxylic acid 
derivative, unsaturated epoxy compound, unsaturated alcohol 
and unsaturated amine, unsaturated isocyanate ester, etc.. 

Concretely, reaction product of maleic anhydride, maleic 
acid, fumaric acid, maleimide, maleic hydrazide, maleic 
anhydride and diamine, e.g., represented by 



[0017] 



[0017] 




[0018] [0018] 



*s>a,* m t ^ v &,7 ^ z & jftitah., 



(wherein, Y is aliphatic residue or aromatic residue ), nadic 
methyl anhydride, dichloro maleic anhydride, maleic acid 
amide, itaconic acid, itaconic acid anhydride, soybean oil, 
tung oil, castor oil, linseed oil, flaxseed oil, cottonseed oil, 
sesame oil, rapeseed oil, peanut oil, camellia oil, olive oil, 
palm oil, sardine oil or other natural lipid acid, acrylic acid, 
butenoic acid, crotonic acid, vinyl acetic acid, methacrylic 
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acid, pentenoic acid, angelica acid, 2- pentenoic acid, 3- 
pentenoic acid,a -ethyl acrylic acid,P -methyl crotonic acid, 
4- pentenoic acid, 2- hexenoic acid, 2- methyl -2- pentenoic 
acid, 3- methyl -2- pentenoic acid,a -ethyl crotonic acid, 2, 2- 
dimethyl-3- butenoic acid, 2- heptenoic acid, 2- octenoic acid, 
4-decenoic acid, 9-undecenoic acid, 10-undecenoic acid, 
4-dodecene acid, 5-dodecene acid, 4-tetradecenoic 
acid,9-tetradecenoic acid, 9-hexadecenoic acid, 2- 
octadecenoic acid, 9-octadecenoic acid, eicosenoic acid, 
dococenoic acid, erucic acid, tetracosenoic acid, 2, 4- penta 
dienoic acid, 2,4- hexadienoic acid, diallyl acetic acid, geranic 
acid, 2, 4- decadienoic acid,2, 4- dodecadienoic acid, 9,1 2- 
hexadecadienoic acid,9, 1 2- octadecadienoic acid, 
hexadecatrienoic acid, linoleic acid, linolenic acid, 
octadecatrienoic acid, eicosadienoic acid, eicosatrienoic acid, 
eicosatetraenoic acid, ricinoleic acid, eleostearic acid, oleic 
acid, eicosapentaenoic acid, erucic acid, docosadienoic acid, 
docosatrienoic acid, docosatetraenoic acid, docosapentaenoic 
acid, tetracosenoic acid, hexacosenoic acid, hexacosadienoic 
acid, octacosenoic acid, tetracosenoic acid or other 
unsaturated carboxylic acid or ester, acid amide, anhydride or 
allyl alcohol; crotyl alcohol; methyl vinyl carbinol; allyl 
carbinol; methyl propenyl carbinol; 4- pentene -1- ol; 
10-undecane-l-ol; propargyl alcohol;l,4- pentadiene-3-ol; 1, 
4-hexadiene-3- ol; 3,5-hexadiene-2-ol; 2, 4-hexadiene-l- ol; 
alcohol represented by the general formula 



Ck H2k-50H,Ck H 2k .70H,Ck H 2 k-90H 

(wherein, k is the number); 3-butene-l, 2- diol; 

2.5- dimethyl-3-hexene-2,5-diol; l,5-hexadiene-3, 4-diol; 

2.6- octadiene-4,5-diol or other unsaturated alcohol, or 
unsaturated amine, where OH group of unsaturated alcohol is 
substituted by NH 2 group, or compound where in butadiene, 
isoprene or other low molecular weight polymer (e.g., average 
molecular weight 500 - 10000) or high molecular weight 
product (e.g., average molecular weight atleast 10,000), 
maleic anhydride or phenol series is added, compounds where 
amino group, carboxylic acid group, hydroxy group, epoxy 
group, etc. are introduced, furthermore isocyanate allyl, etc. 



[0019] 



[0019] 
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[0021] 

il(D(C)m^tts BUfB0)(A)/£# 100M*gPtZ 
*fUT> 0.1-30 S*gP, }?£U<& 0.5-25 M 



In addition, vinyl compound possessing epoxy group is 
glycidyl ether, e.g., glycidyl methacrylate, glycidyl acrylate, 
hydroxyalkyl (meta)acrylate, polyalkylene 
glycol(meta)acrylate, glycidyl itaconate, etc.. Specifically, 
glycidyl methacrylate is preferred. 



As a method to react the compound possessing polar group 
and unsaturated group, and above mentioned polyphenylene 
ether, e.g., (1) compound possessing polar group and 
unsaturated group and polyphenylene ether is melted and 
kneaded at 150 to 350°C using extruder, e.g., roll mill, 
banbury mixer, and made to react, (2) compound possessing 
polar group and unsaturated group and polyphenylene ether is 
thermally reacted in solvent benzene, toluene, xylene, etc.. 



Furthermore, for smooth reaction, radical initiator, e.g., 
benzoyl peroxide, di-t-butyl-peroxide, dicumyl peroxide, 
t-butyl peroxybenzoate or other organic peroxide; azo 
compound, e.g., azobisisobutyronitrile, azobis isovaleronitrile, 
etc. should exists in the reaction system. 



The preferred method is where melting and kneading is 
performed under the presence of radical initiator. 

[0020] 

In addition, there are no restrictions as styrene resin, e.g., 
versatile atactic polystyrene (GPPS), isotactic polystyrene 
resin, HIP(impact resistant polystyrene resin), ABS 
(acrylonitrile-butadiene-styrene) resin, SMA (styrene-maleic 
anhydride copolymer), AS (acrylonitrile-styrene) resin, 
modified PPO (blend of HIPS and polyphenylene ether) etc. 



These can be used independently, or in combination. 
[0021] 

The amount of component (C) should be 0.1-30 parts by 
weight, preferably 0.5-25 parts by weight to 100 parts by 
weight of component (A). 
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If the amount is less than 0. 1 parts by weight, the mechanical 
strength is inadequate. 

In addition, if it exceeds 30 parts by weight, crystallization 
rate becomes slow during formation, and productivity is 
decreased due to inadequate mold release characteristics and 
increased cooling time. 

Furthermore, it is not necessary to manufacture component 
(C). During the preparation of resin composition, after 
blending component (A), (B), and (C), it is melted and 
kneaded at 150 to 350°C using extruder, e.g., roll mill, 
banbury mixer, etc.. 



10022] [0022] 
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The other components, e.g. antioxidant, light stabilizer, 
lubricant, plasticizer, antistatic agent, mold release agent, 
pigments, etc. can be added to the resin composition during 
molding in the range that does not affect the objective of the 
invention. 

The examples of antioxidants are 2,6-di-t-butyl-4-methyl 
phenol, stearyl-P -(3,5-di-t-butyl-4- 
hydroxyphenyl)propionate ; triethy lene 
glycol-bis-3-(3-t-butyl-4- hydroxy-5-methylphenyl ) 
propionate or other hindered phenol; or 
tris(2,4-t-butyl-phenyl)phosphite;,4,4'-butylidene 
bis(3-methyl-6-t-butyl phenyl-di- tridecyl)phosphite or other 
phosphorus compound. 



Hindered amine compound or benzotriazole compound are 
preferred as photo stabilizer. 

Among hindered amine compound, heterocyclic hindered 
amine compound is desirable. 

Heterocyclic hindered amine compound is comprised of 6 
number heterocycle where other heteroatom, preferably 
nitrogen or oxygen atom is included from hindered amine 
nitrogen atom, e.g., di-(2, 2,6,6-tetramethyl-4-bipyridyl) 
sebacate; 4- benzoyloxy-2,2,6,6-tetramethyl piperidine; 
compound of succinic acid and N-(2 
-hydroxyethyl)-2,2,6,6-tetramethyl-4-hydroxy piperidine, 
1 ,2,3,4-tetra-(2,2,6,6-tetramethyl-4- bipyridyl)butane 
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tetracarboxylate; 

l,4-di-(2,2,6,6-tetramethyl-4-bipyridyl)-2,3-butanedione; 
tris-(2,2,6,6-tetramethyl-4-bipyridyl) trimellitate; 
l,2,2,6,6-pentamethyl-4- bipyridyl stearate; 
l,2,2,6,6-pentamethyl-4- bipyridyl-n- octanoate; 
bis-( 1 ,2,6,6-pentamethy l-4-bipyridyl)sebacate; 
tris-(2,2,6,6-tetramethyl-4-bipyridyl)nitrile acetate; 4- 
hydroxy-2,2,6,6-tetramethyl piperidine; 4- 
hydroxy-l,2,2,6,6-pentamethyl piperidine, etc. 



Among these, di-(2,2,6,6-tetramethyl-4-bipyridyl) sebacate 
and condensate of succinic acid and N-(2 
-hydroxyethyl)-2,2,6,6-tetramethyl-4-hydroxy piperidine are 
preferred. 

[0023] 

In addition, the examples of benzotriazole are 
(2'-hydroxy-5'-methylphenyl) benzotriazole; 
2-(2 , -hydroxy-5*-t-butyl phenyl)benzotriazole; 
2-(2'-hydroxy-5 , -amyl phenyl)benzotriazole; 2- 
(2'-hydroxy-4'-octa oxy phenyl)benzotriazole; 
2-(2'-hydroxy-3',5 , -di-t-butyl phenyl) benzotriazole; 
2-(2'-hydroxy-3\5 , -diiso amyl phenyl)benzotriazole; 
2-(2'-hydroxy-3 ' -5 ' -dimethy lpheny l)benzotriazole; 
2-(2'-hydroxy-3 , ,5 , -t-butyl-5'-methylphenyl)-5-chloro 
benzotriazole; 2-(2 , -hydroxy-3\5'-di-t-butyl phenyl)-5-chloro 
benzotriazole; 2-(2'-hydroxy-3\5'-dimethylphenyl)-5-chIoro 
benzotriazole; 

2-(2'-hydroxy-3\5'-dichlorophenyI)benzotriazole, etc. 
Specifically, 2-(2'-hydroxy-5'-methylphenyl)benzotriazole is 
prefrred. 



In addition, as lubricants, stearic acid, higher aliphatic acid, 
e.g., behenic acid (specifically, atleast 20 carbon atoms 
compound are preferred), higher aliphatic acid of calcium, 
zinc, magnesium, lithium or other metal salt (specifically, 
decomposition temperature higher than the melting point SPS 
component (A) component is desirable), stearyl alcohol or 
other alcohol, beeswax or other wax, are mentioned. 

In addition, dimethylsiloxane, methylphenyl siloxane, paraffin 
oil (specifically, naphthalene rich with high boiling point, and 
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sharp distillation fraction is desirable), etc. are used as 
plasticizer. 

Specifically, methylphenyl siloxane is preferred from the 
viewpoint of decomposition temperature. 

Furthermore, as thermoplastic resin, e.g., polyphenylene ether 
not having polar group, or olefins, e.g., polyethylene, 
polypropylene, polybutene, polypentene; polyester, e.g., 
polyethylene terephthalate, polybutylene terephthalate, 
polyethylene naphthalate; polyphenyl sulfide, e.g., poly 
thioether, polyamide, polycarbonate, polyarylate, polysulfone, 
poly ether etherketone, polyether sulfone, polyimide, 
polyamideimide, polymethylmethacrylate, ethylene-acrylic 
acid copolymer, acrylonitrile-styrene copolymer, 
acrylonitrile-chlorinated polyethylene-styrene copolymer, 
ethylene-vinyl acetate copolymer, ethylene- vinyl alcohol 
copolymer, acrylonitrile-butadiene-styrene copolymer, vinyl 
chloride resin, chlorinated polyethylene, fluorinated 
polyethylene, polyacetal, thermoplastic polyurethane 
elastomer, polybutadiene, styrene elastomer(SBR, SBS, 
SEBS, SEPS, etc.), styrene- maleic anhydride copolymer, etc. 
are listed. 



Styrene resin composition is blended with above mentioned 
essential components and additive components in a 
predetermined ratio, e.g., it is prepared by mixing with the 
help banbury mixer, monoaxial screw extruder, biaxial screw 
extruder, cokneader, multiple screw extruder etc. at 270 to 
320°C. 



[0024] 

The above mentioned styrene resin composition is injection 
molded with the help of injection molding machine at 
cylinder temperature 280 to 340°C, and tool temperature 50 to 
160°C. The surface of the obtained molded article is coated 
with aluminum, zinc or other metal coating by vacuum vapor 
deposition method, and lamp reflectors are obtained. 



In case of metal coating, it is possible to apply primer on the 
surface of the molded article in advance. 

Furthermore, in order to protect metal coating layer, it is 
possible to apply top coat. 
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[0025] 

[Working Example(s)] 

The invention is explained in detail with the help of reference 
example, production example, embodiment, and comparative 
example. But, the invention is not restricted to these. 

Reference Example 1 • 

In glass container of internal volume 500 ml substituted with 
argon, 17. 8g (71-millimole) copper sulfate pentahydrate 
(CuS0 4 .5H 2 0), 200-ml toluene, and 24 ml (250 millimole) 
trimethyl aluminum was put and reaction was carried out for 8 
hrs.at40°C. 

After that, 6.7g contact product was obtained after vacuum 
distillation of toluene at room temperature from the solution 
obtained after removing solid components. 

The molecular weight was 610 according to cryoscopic 
method. 

[0026] 

Production Example 1 

In reactor of internal volume 2 liter, the reaction was carried 
out for 5 hrs at 90°C using 1 liter purified styrene, 7.5 
millimole contact product obtained from reference example I 
as aluminum atom, 7.5 millimole triisobutyl aluminum, and 
0.038 millimole pentamethyl cyclopentadienyl titanium 
trimethoxide. 

After the completion of the reaction, after disintegrating the 
catalyst component in methanol solution of sodium 
hydroxide, it was repeatedly washed with methanol, dried, 
and 466g polymer was obtained. 

The weight average molecular weight of polymer in 
1,2,4-trichlorobenzene solvent at 130°C by gel permeation 
chromatography was 290,000. In addition, weight average 
molecular weight/number-average molecular weight was 
2.72. 

In addition, the polymer was verified as syndiotactic 
polystyrene (SPS) by melting point and l3 C-NMR 
measurement. 

[0027] 

Embodiment 1-10 and Comparative Example 1-9 

After mixing each component in the ratio shown in table 1, it 
was pelletized after carrying out melting and kneading by 
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extruder. 

Other than Comparative Example 5, the surface treatment of 
inorganic filler was carried out by spray coating with 
aminosilane coupling agent. 

Using pellets, the test piece was prepared by injection 
molding. The mechanical properties were measured by the 
following methods. 

Results are shown in Table 2. 



( 1 ) 



(1) flexural strength 

J I S K - 7 2 0 3 C3t»!lUT#«>fc 0 ( 2 ) ilf3¥1t$ 



Conforming to JIS K - 7203. (2) Flexural modulus 



J I S K - 7 2 0 3 iZmMLT&btl* ( 3 ) HE^tH*® : fttHIttT^ao : : ( 4 ) 



Conforming to JIS K - 7203. (3) surface smoothness ® : Excellent, ° : good, x : Bad 
(4) mold release property ® : Excellent, o ; good 

x: %% II 
X: Bad 

[0028] [0028] 
1^1] [Table 1] 





Component (A) 


Component (B) 


Component (C) 




(parts by weight) 


(parts by weight) 


(parts by weight) 


Embodiment 1 


SPS 


Potassium titanate*l 


MA-PPE*8 




(100) 


(45) 


(5) 


Embodiment 2 


SPS 


Potassium titanate*l 


MA-PPE*8 




(100) 


(45) 


(5) 


Embodiment 3 


SPS 


Potassium titanate*l 


MA-PPE*8 




(100) 


(200) 


(5) 



Embodiment 4 



SPS 
(100) 



Potassium titanate* 1 
(100) 



MA-PPE*8 
(1) 
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Embodiment 5 


SPS 


Potassium titanate* 1 


MA-PPE*8 




(100) 


(100) 


(20) 


Embodiment 6 


SPS 


Calcium carbonate 1*2(100) 


MA-PPE*8 




(100) 




(5) 


Embodiment 7 


SPS 


Calcium carbonate 1*2(150) 


MA-PPE*8 




(100) 




(5) 


Embodiment 8 


SPS 


Calcium carbonate 1 *4(60) 


MA-PPE*8 




(100) 




(5) 


Embodiment 9 


SPS 


Calcium carbonate 1*4(150) 


MA-PPE*8 




(100) 




(1) 


Embodiment 10 


SPS 


Potassium titanate* 1 


MA-PPE*8 




(100) 


(80) 


(5) 






Glass fibre *9 








(20) 




[0029] 




[0029] 








[Table 2] 






Component (A) 


Component (B) 


Component (C) 




(parts by weight) 


(parts by weight) 


(parts by weight) 


Comparative Example 1 


SPS 


Potassium titanate* 1 


MA-PPE*8 




(100) 


(10) 


(5) 


Comparative Example 2 


SPS 


Potassium titanate* 1 


MA-PPE*8 




(100) 


(300) 


(5) 


Comparative Example 3 


SPS 


Potassium titanate* 1 


MA-PPE*8 




(100) 


(100) 


(0.05) 


Comparative Example 4 


SPS 


Potassium titanate* 1 


MA-PPE*8 




(100) 


(100) 


(40) 


Comparative Example 5 


SPS 


Potassium titanate* 1 


MA-PPE*8 




(100) 


(100) 


(5) 


Comparative Example 6 


SPS 


Glass fibre *5 


MA-PPE*8 




(100) 


(45) 


(5) 


Comparative Example 7 


SPS 


Mica*6 


MA-PPE*8 




(100) 


(45) 


(5) 


Comparative Example 8 


SPS 


Talc*7 


MA-PPE*8 
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(100) 


(45) 


(5) 


Comparative Example 9 


SPS 


Calcium carbonate 2*3 


MA-PPE*8 




(100) 


(45) 


(5) 


[0030] 




[0030] 




ia3i 




[Table 3] 







Mechanical properties 




Weight 
ratio 


Flexural modulus 
(kg/cm 2 ) 


Flexural 
strength 

(kg/cm 2 ) 


Surface 
smoothness 


Mold release 
characteristics 


Embodiment 1 


1.32 


93,000 


1,100 


o 


O 


Embodiment 2 


1.54 


142,000 


1,430 


© 


® ! 


Embodiment 3 


1.79 


188,400 


1,090 


© 


© 




Embodiment 4 


1.58 


141,000 


1,300 


© 


© 




Embodiment 5 


1.56 


1 16,000 


1,550 


© 


O 




Embodiment 6 


1.45 


103,000 


800 


O 


O 




Embodiment 7 


1.59 j 


161,000 


840 


o 


@ 




Embodiment 8 


1.41 


101,000 


970 


0 


0 




Embodiment 9 


1.56 


170,000 


890 


0 


© 




Embodiment 
10 


1.53 


118,000 


1,400 


o 


© 





[0031] 
[14] 



[0031] 
[Table 4] 





Mechanical properties 




Weight 
ratio 


Flexural modulus 
(kg/cm 2 ) 


Flexural 
strength 

(kg/cm 2 ) 


Surface 
smoothness 


Mold release 
characteristics 


Comparative 
example 1 


1.18 


52,000 


750 


© 


X 


Comparative 
example 2 


1.86 


220,000 


990 


® 


® 


Comparative 
example 3 


1.54 


140,000 


980 


® 


X 


Comparative 


1.55 


101,000 


1,680 


® 


X 
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example 4 












Comparative 
example 5 


1.54 


140,000 


980 


® 


X 


Comparative 
example 6 


1.27 


102,000 


1,750 


X 


© i 


Comparative 
example 7 


1.31 


73,000 


700 


X 


0 


Comparative 
example 8 


1.28 


97,000 


1,080 


X 


o 


Comparative 
example 9 


1.34 


61,000 


500 


0 


X 



[0032] 

0.5p m 
M,ft#40M mx*S^2M m 
i*1§4M mx5®^4M m 

*4:Franklin Fiber, U.S. GYPSUM tUHJtfi 50m 
mx^#2[j m 

i!,S#3mmxSSl3|J m 

•6:^V7^f K7>f»,(*)^7l/«,fi8 30(J 
mxgi 30[J m 

*7:LMS-300,*±5^K7(*)«,SS 0.8m ™ x 
JSfi 0.8m m 

•8:**7U^>«C**#U7iZU>I 

*9:^7Xii,a*fflfii(WS 80M 
mx£stfl0.5M m 

[0033] 



[0032] 

* 1: Tisumo-D, Otsuka Pharmaceutical product, major axis 20 
M mx minor axis 0.5 m m 

* 2: Needle like calcium carbonate, Maruo Calcium Co. Ltd., 
major axis 40m m x minor axis 2m m 

* 3:Whiton P-30, Toyo Chemicals make, major axis 4p mx 
minor axis 4m m 

* 4:Franklin Fiber, U.S.GYPSUM product, major axis 50m m 
x minor axis 2m m 

* 5:chopped strand, Nippon Electric Glass, Ltd., major axis 3 
mm x minor axis 13m m 

* 6: Sozorite mica, Kuraray Co. Ltd., major axis 30m m x 
minor axis 30m m 

* 7:LMS-300, Fuji Talc Ltd., major axis 0.8m m x minor axis 
0.8m rn 

* 8: polyphenylene ether modified resin by maleic anhydride 

* 9: glass fiber, Nippon Glass Fiber Co., Ltd., major axis 80m 
m x minor axis 0.5m m 

[0033] 

[Effects of the Invention] 

Styrene resin composition of the invention in the condition 
that promotes crystallization, excels in mold release properties 
at high temperature mold, without affecting the original heat 
resistance or high mechanical strength of syndiotactic styrene 
polymer. The surface smoothness has improved considerably, 
and is ideal to use as general structural material, electrical & 
electronic parts, automotive parts, specifically reflective 
mirror of lighting fixture. 
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